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Abstract 
This paper assesses soil aggregate stability and erodibility in different gully sites in parts of Zaria, Kaduna 
State, Nigeria with the aim to provide quantitative information on the variation of some soil properties 
and their interaction with eroding agents and how this affects soil erosion on the sites. The gullies 
selected are found at the headwaters of river Saye, Yashi, Guga and Kubanni basins with leached 
ferruginous tropical soils developed from the basement complex and quaternary deposits drained by River 
Galma whose pattern is basically dentritic. Soil samples collected from the headscarps, sidewalls and floor 
of each gully length at 5 – 10 cm depth were analysed using standard laboratory methods. Particle size 
distribution data was used to compute clay ratio index. The result shows that based on aggregate stability 
the most susceptible to water erosion is the Yashi gully site. Soil particle size distribution in all the gully 
sites show soil textural classes of silt loam, sandy loam, sandy loam and sandy clay loam at Guga, Saye,  
Kubanni and Yashi  gully sites respectively. Based on clay ratio index (3.58) Yashi show more resistant to 
erosion followed by Saye with a mean clay ratio index of 4.02, then Kubanni with a mean clay ratio of 
10.89 and lastly Guga with a mean clay ratio of 13.06. Results show there is a significant variation of clay, 
silt, sand, clay ratio and aggregate stability with gully sites at 0.05 levels of significance. A linear multiple 
regression analysis was used to check the contribution or influence of each independent variable on the 
dependent variable. Clay ratio index was also derived. The Research concludes that though all sites exhibit 
gully erosion the reaction of soil properties to environmental conditions varies. Slightly different efforts 
will be required to turn around the gullies. 
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Introduction 
The management and control of soil erosion 
problem worldwide requires sound knowledge 
of the interaction of erosion agents (i.e. 
rainwater and wind) with soil properties (Mallo, 
1987; Ojiah, 1998; Ojo, 2000). Anthropogenic 
activities   are often blind to the effects that may 
result due to disturbance of soil (Clarke and 
Rendell, 2004; Mallo and Ochai, 2009) There 
are reports on the menace of gully erosion in 
several parts of Nigeria, particularly in savanna 
tropical zone lying on a broad east-west belt, 
from the eastern highlands to the edge of the 
Sokoto basin (Ologe, 1986; Juo, and Lal, 1977; 
Jaiyeoba 1995). The understanding of the 
nature and properties of soils in any 
environment is expected to reveal the causes of 
the soil erosion problem evident in rills, sheet 
and gully form. Soil properties tend to 
determine the vulnerability of the soil 
aggregates and particles to detachment, 
disintegrate, entrainment and their subsequent 
transportation (Keli, et al; 2002). For instance 
soil aggregate stability affects the soil 
erodibility, thus, measurements of soils 
aggregate stability quantify indirectly the soil 
erodibility. Measurements of soil aggregate 
stability avoid the direct influence of other 
factors such as stoniness, litter and vegetation 
on soil erodibility during the measurements. 
Moreover, soil aggregate stability is a synthetic 
parameter of the soil ecosystem conditions due 
to its interactions with the flora, fauna, parent 
material and climate (Imeson, 1984). The role 
of climate and land use on gully development 
has been examined in previous studies (Smith, 
1982, Stockings and Elwell, 1976) where soil 
characteristics were considered in the general 
term of erodibility. Although quite a lot has 
been done on gully within the Zaria environ 
(Sheyin, 1989, Ojiah 1998, Ojo 2000 very little 
quantitative information exist on the analysis of 
variance of the some soil properties with gully 
sites as the nature of the regolith material (soil) 
(Ebisimeju, 1979) will determine the extent of 
any gully site. This implies that reclamation or 
other management measures will be peculiar to 
each site given variation in soil properties and 
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their interaction with eroding agents. This study 
therefore examines soil aggregate stability and 
erodibility in different gully sites in parts of 
Kaduna State, Nigeria. 
Study Area 
Zaria lies on the undulating plain adjoining 
the southern scarp of the Jos plateau and is part 
of the high plains of northern Nigeria. It located 
within latitude 11⁰03'N and 11⁰06'N, and 
longitude 7⁰36'E and7⁰40'E. It is about 640 km 
from the coast in the NNE section of Kaduna 
state. The gullies selected are found at the 
headwaters of river Saye, Yashi, Guga and 
Kubanni basins (Figures 1 and 2). 
Zaria has a dry sub humid tropical 
continental climate with mean annual rainfall of 
about 1100mm received between April and 
October (Kowal and Knabe, 1972). River 
Galma is the major drainage system which is 
essentially dentritic in nature. The soils are 
described as leached ferruginous tropical soils 
(Kowal and Omolokun, 1971) developed from 
the basement complex and quaternary deposits 
(figure 2). The vegetation is typically of wood 
land type and deciduous in character which are 
surrounded by grasses and shrubs occurring in 
tussocks. 
 
Source: adopted from Zaria sheet 102 S.W 
Figure 1: Zaria and its environs 
 
 








Soil samples were collected from the 
headscarps, sidewalls and floor at 30%, 60%, 
and 90% of each gully length at 5 – 10 cm 
depth using the hoe and hand spade. Soil 
samples were air dried and standard laboratory 
methods were used to determine soil properties 
(Food and Agricultural Organisation, 1970): 
soil particle size distribution was determined by 
hydrometer method and soil aggregate stability 
was determine by counting the number of 
droplets (The CND Method).  
Aggregates of 4–4.8 mm diameter were 
selected by dry sieving. Water-drop test, a 
burette nozzle with silicon tubing was used, 
together with a supply system with a constant 
head. The drops produced with distilled water 
had a weight of 0.1 g. The water-drops were 
allowed to fall through a polythene pipe (15 cm 
diameter) from 1 m height onto aggregates 
placed on a 2.8 mm gauge metal sieve. The 
time interval between drops was 1 s, and it was 
controlled in order to avoid differences between 
samples due to the influence of time of wetting 
on aggregate breakdown. The number of drops 
required to disrupt the aggregate were counted 
(Imeson and Vis, 1984; Cerda, 1998).)  
Clay ratio index was also computed 
(Bouyoucos, 1935).  Decrease of clay ratio in 
soils reflects the increase of resistance to 
erosion.  The result of particle size distribution 
was used to compute Clay ratio to see which 
gully site shows more resistance to erosion. The 
Clay ratio index was computed as: 
 
  
Results and Discussion  
Soil Aggregate Stability and Soil Particle Size 
Distribution 
The results of soil particle size distribution 
as determined by hydrometer method and soil 
aggregate stability as determine by counting the 
number of droplets (The CND Method) 
respectively is as shown in the tables 1&2 
below  
 
Table 1: soil Aggregate Stability (drops) 
 Soil Aggregate Stability (drops) 
Slope position GUGA SAYE KUBANNI YASHI 
Top 5 5 6 3 
Mid 5 5 5 3 
Base 5 6 6 3 
Mean 5 5.3 5.3 3 
 
Soil Aggregate Stability 
The higher the mean number of drops taken 
to break an aggregate of a soil, the more stable 
is such an aggregate and thus the more 
resistance is such soil to water erosion than its 
counterpart which takes less number of drops to 
disaggregate and thus more vulnerable or 
susceptible to erosion (Abrishamkesh et al., 
2011; Alekseeva et al., 2009; and Amezketa 
1999; Portugal et al., 2010). Aggregate stability 
in an ultisol under different uses, compared 
with forest. Gully sites at Saye and Kubanni 
have the highest mean number of drops of 5.3 
and 5.3 drops of water respectively for it to 
Source: Wright and Mc Curry 1970 Source: Mortimore, 1970 




break. For soil aggregates at Guga and Yashi 
gully site, it took about 5 drops and 3 drops of 
water respectively for it to break.  
Yashi gully site was more susceptible to 
water erosion. This explains why the Yashi 
gully is the largest in the region. The 
explanations is that the high clay fraction in 
Yashi should not have made it the largest in 
depth, length and area coverage, except for its 
clay That is a dispersible type which is probably 
under the influences of the moderate silt 
fraction it contained and this is reflected in its 
lowest aggregate stability. 
Soil Particle Size Distribution 
In Guga the percentages clay, silt and sand 
on different vertical cross section positions of 
Top, Mid, and Basal positions was recorded. 
The top position has 8%, 47% and 45% of clay, 
silt and sand respectively. Base position has 
8%, 55% and 37% of clay, silt and sand 
respectively. Mid position has 5%, 57% and 
38% of clay, silt and sand respectively. The 
mean percentage clay, silt and sand in the site 
are 7.1%, 52.7% and 40% respectively. The 
textural class of the soil is Silt Loam. 
In SAYE, the percentages clay, silt and 
sand on different vertical cross section positions 
of Top, Mid, and Basal slope was recorded. The 
Top position has 19%, 24%, and 57% of clay, 
silt and sand respectively with textural class 
Sandy Loam. The Mid position has 12%, 26%, 
and 62% of clay, silt and sand respectively with 
Sandy Loam as textural class. The Base 
position has 29%, 20%, and 51% % of clay, silt 
and sand respectively with Sandy Clay Loam as 
textural class.  
 
Table 2:  Mean soil Particle Size Distribution of the Gullies 
GUGA  % Clay % Silt % Sand CLAY RATIO Textural Class 
 Top 8 47 45 11.50 Silt Loam 
 Mid 5 57 38 19.00 Silt Loam 
 Base 8 55 37 11.50 Silt Loam 
 Mean 7.1 52.7 40 13.06 Silt Loam 
SAYE Top 19 24 57 4.26 Sandy Loam 
 Mid 12 26 62 7.33 Sandy Loam 
 Base 29 20 51 2.45 Sandy Clay Loam 
 Mean 19.9 23.2 56.8 4.02 Sandy Loam  
KUBANNI Top 9 30 61 10.11 Sandy Loam 
 Mid 11 30 59 8.09 Sandy Loam 
 Base 6 38 56 15.67 Sandy Loam 
 Mean 8.4 32.7 58.8 10.89 Sandy Loam 
YASHI Top 27 20 53 2.70 Sandy Clay Loam 
 Mid 21 22 57 3.76 Sandy Clay Loam 
 Base 18 20 62 4.56 Sandy Clay Loam 
 Mean 21.8 20.3 57.7 3.58 Sandy Clay Loam 
 
The  Mean percentage clay, silt and sand 
for the Saye site is 19.9%, 23.2% and 56.8% 
respectively, with   Sandy Loam as the textural 
class. In the Kubanni gully site the Top soil 
section has 9%, 30%, and 61% of clay, silt and 
sand respectively with Sandy Loam as the 
texture. Mid 11%, 30%, 59% of clay silt and 
sand respectively with Sandy Loam as the 
texture. And the Base  has 6%, 38%, and 
56% of clay, silt and sand respectively with 
Sandy Loam as the texture.  The Mean 
percentages of clay, silt and sand are 8.4%, 
32.7% and 58.8% respectively with Sandy 
Loam as the textural grade. 
At YASHI gully site the Top section of the 
soil 27%, 20%, and 53% of clay, silt and sand 
respectively with Sandy Clay Loam. The Mid-
section has 21%, 22%, 57% of clay, silt and 
sand respectively Sandy Clay Loam. The Base 
section has 18%, 20%, and 62%, of clay, silt 
and sand respectively with sandy clay loam as 
the textural grade. The mean percentage of clay, 
silt and sand are 21.8%, 20.3% and 57.7% 
respectively with sandy clay loam as the 
textural grade. 
Sand content is higher in the Kubanni gully 
than in the Guga gullies which were nearly all 
silty loam. Kubanni and Yashi gullies showed 
similarities in high sand fractions with sandy 
1oam in Kubanni and sandy clay in Yashi 
Gullies. Guga and Saye also showed similarities 
in the percentage of silt fractions. Silt fractions 
were dominant hence, the silt loam 
classification except at their head scraps which 
were sandy loam. Guga and Saye gullies have 
similarity clay in contents. The soils particle 
size distribution is dominated by sand in the 
gully site. Earlier reports by scholars show the 
dominance of sand fraction in the soils of the 
Nigerian savannah (Kowal and Kassam, 1976; 




Juo and Lal, 1977; Leow and Smith, 1981; 
Sheyin, 1989; Jaiyeoba, 1995; Yakubu, 2004). 
Yashi Gullies have high per cent of sand 
fraction making aggregation difficult with a less 
aggregate stability that further makes the soils 
highly susceptible to erosion. This accounts for 
the great depth of those gullies. The high silt 
fraction in Guga accounts for its erosion with 
shallow channel depth. The depth is restricted 
by the presence of kaolinitic clay materials 
which tend to conglomerate with the silt and 
when exposed to sun light, it hardens and forms 
an impervious layer that prevents the vertical 
downward movement of water. 
The mean aggregate stability showed that 
gully Yashi’s soil is highly erodible and least 
cohesive despite the high mean clay content at 
all the three tested with other gullies. In the 
Kubanni gully with its light average silt and 
sand fractions, it is also highly erodible. It is the 
second largest gully within the Zaria region 
following the Yashi gully.            
 
Clay Ratio Index 
Clay ratio index was also derived. Decrease 
of clay ratio in soils reflects the increase of 
resistance to erosion (Singh and Khera, 2008).  
The result show Therefore that YASHI with a 
Sandy Clay Loam has a mean clay ratio index 
of 3.58 and is more resistant to erosion 
followed by SAYE with Sandy Loam textural 
class which have a mean of 4.02 clay ratio 
index. GUGA with a Silt Loam soil texture has 
a Mean clay ratio of 13.06 while KUBANNI 
with Sandy Loam soil textural class has a Mean 
clay ratio of 10.89. 
Furtherance to the study, analysis of 
variance was used to analyse significance 
variation of soil properties with gully sites at 
0.05 levels of significant. The analysis revealed 
that there is significant variation of clay, silt, 
sand, clay ratio and aggregate stability with 
gully sites at 0.05 levels of significance. 
However, there is no significant variation of 
Bulk Density with the gully sites at 0.05 levels 
of significance (Table 3).  Means plot for the 
variations of soil properties with gully sites is 
also show in figures 4-11 
Table 3: Variance of soil properties with site 
    Sum of Squares df Mean Square F Sig. 
%CLAY Between Groups 3688.10 3.00 1229.37 19.07 0.00 
Within Groups 5156.57 80.00 64.46   
Total 8844.67 83.00    
% SILT Between Groups 13404.99 3.00 4468.33 42.07 0.00 
Within Groups 8497.71 80.00 106.22   
Total 21902.70 83.00    
SAND Between Groups 4878.86 3.00 1626.29 13.32 0.00 
Within Groups 9770.95 80.00 122.14   
Total 14649.81 83.00    
CLAY RATIO Between Groups 3935.40 3.00 1311.80 22.86 0.00 
Within Groups 4590.10 80.00 57.38   
Total 8525.49 83.00    
BULK 
DENSITY 
Between Groups 0.14 3.00 0.05 1.43 0.24 
Within Groups 2.61 80.00 0.03   
Total 2.75 83.00    
AGGREGATE 
STABILTY 
Between Groups 79.85 3.00 26.62 17.33 0.00 
Within Groups 122.86 80.00 1.54   
Total 202.70 83.00    
   







Figures 4-11: means plot for the variations of soil properties with gully sites 
 
Correlation analysis (Table 4) revealed that 
There is a significant negative relationship 
between CLAY RATIO and clay (i.e r= -
0.773
**
). This implies that the higher the clay, 
the lower the clay ratio thus the more resistance 
to erosion. There is also a significant positive 
relationship between Clay Ratio and %Silt (i.e 
r=0+.618
**
). This implies that the higher the silt 
content, the higher the value of clay ratio and 
thus the less resistance to erosion would be the 
soil. The same kind of relationship between 
CLAY RATIO and clay, and between Clay 
Ratio and %Silt also exist in 
There is a significant relationship between 
sand and silt and between clay and silt. The 
Correlation is significant at the 0.01 level. 
Between sand and silt a correlation value of r= -
0.772 implies that 59.5984%≈60% reduction in 




sand will lead to an increase in silt. This is 
logical since sand particles over time of 
weathering and degradation may form a 
proportion of silt insitu or transported and 
deposited in other areas. Between silt and clay a 
correlation value of r= -0.578 exist implying 
that 33.4084% of silt have contributed to the 
status of clay in the area, and as silt increases, 
clay reduce in an inverse relationship.  
Linear Multiple Regression Analysis 
A linear multiple regression analysis was 
used to check the contribution or influence of 
each independent variable on the dependent 
variable (Table 5). In Saye, Aggregate stability, 
bulk density, %clay, %silt show 84.8% 
influence adjusted to 81.0% influence. Clay and 
silt contribute significantly to the value of clay 
ratio. At 95% confidence we can infer that a 
decrease in 0.395 of %clay contributes to the 
current value of clay ratio and an increase in 
0.144 of %silt leads the value of clay ratio both 




At Kubanni bulk density, %clay,  and %sand 
show  82.6% influence adjusted to 79.5% 
influence which significant since p<0.05 at 0.05 
level of significant. The contributions of clay 
and bulk density are negatively significant to 
the present value of clay ratio. The regression 





At Guga aggregate stabilty, %silt, bulk density, 
%clay show  62% influence adjusted to 52.5% 
influence which significant since p<0.05 at 0.05 
level of significant. Clay contributed 
significantly to the clay ratio value obtained.  A 
decrease in 0.997 clay leads to the current value 




bulk density-1.388aggregate stability. 
 
Table 4: Correlation analysis 
Gully site Variables %Clay %Silt %Sand Clay Ratio  
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Model Unstandardized Coefficients Standardized 
Coefficients 
t Sig. 
B Std. Error Beta 
SAYE  (Constant) 10.893 3.768  2.891 .011 
%CLAY -.395 .056 -.778 -7.081 .000 
%SILT .144 .048 .336 3.018 .008 
BULK 
DENSITY 
-.648 2.533 -.027 -.256 .801 
AGGREGATE 
STABILTY 
.041 .283 .016 .146 .886 
KUBANNI  (Constant) 47.098 9.551  4.931 .000 
%CLAY -1.820 .210 -.891 -8.684 .000 
%SAND -.056 .113 -.052 -.497 .626 
BULK 
DENSITY 
-9.409 4.316 -.225 -2.180 .044 
GUGA  (Constant) 38.021 27.412  1.387 .184 
%CLAY -.997 .321 -.735 -3.100 .007 
%SILT .090 .188 .112 .481 .637 
BULK 
DENSITY 
-5.987 12.757 -.084 -.469 .645 
AGGREGATE 
STABILTY 
-1.388 2.069 -.122 -.671 .512 
 a. Dependent Variable: CLAY RATIO 
 
Conclusions and Recommendation 
Following the findings of this research, the 
conclusion is drawn that there is a significant 
variation of clay, silt, sand, clay ratio and 
aggregate stability with gully sites at 0.05 levels 
of significance. That means each gully site 
deserves to be given specific and special 
attention. Also that there is There is a 
significant negative relationship between 
CLAY RATIO and clay (i.e r= -0.773
**
) 
implying that the higher the clay, the lower the 
clay ratio thus the more resistance to erosion 
and a significant positive relationship between 
Clay Ratio and %Silt (i.e r=0+.618
**
) also 
implying that the higher the silt content, the 
higher the value of clay ratio and thus the less 
resistance to erosion. The same kind of 
relationship between CLAY RATIO and clay, 
and between Clay Ratio and %Silt also exist in 
all gully sites. This is similar to the works of 
Igwe (2003; 2005; and 2011) in some parts of 
the country. The value of clay ratio obtained by 
Alhassan et al., 2012 under different agro 
forestry practices in Kwande Local Government 
Area and Mallo and Mgbanyi (2013?) (on 
miniature badlands at Gada Biyu, Abuja, 
Federal Capital Territory, Nigeria were parts 
similar attempts by scholars to compare the 
erodibility of different land uses and 
landscapes.The regression model also reveals 
the contribution of each parameter to the state 
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